In April 2009, an influenza A subtype H1N1 virus was isolated from persons in Mexico and the United States ([@R1]). This virus was responsible for the first influenza pandemic of the 21st century. The first cases of pandemic influenza A (H1N1) 2009 virus infection in the United Kingdom were reported on April 27, 2009, in a married couple who returned to Scotland after visiting Mexico ([@R2]). Several school outbreaks were reported soon after the virus was introduced into the United Kingdom ([@R3],[@R4]), and influenza transmission in school settings was suggested as one of the primary drivers of the spread ([@R5]). In the United Kingdom, boarding schools have long been recognized as a good indicator population for the onset of seasonal influenza, leading to the establishment of Medical Officers of Schools Association surveillance scheme ([@R6]). In many schools, a high percentage of students and staff receive a seasonal influenza vaccine each year.

On May 27, 2009, a case of pandemic (H1N1) 2009 virus infection was confirmed in a student at a large boarding school in southeastern England from a respiratory sample submitted through the Medical Officers of Schools Association scheme. Public health authorities subsequently established that an ongoing outbreak of ILI had occurred in this school in the 2 weeks before identification of the index case. Thirteen persons with onset of symptoms on or before that of the index case-patient also had positive test results, and health officials hypothesized that many unconfirmed clinical cases were also caused by infection with the emergent strain. This was the first recognized outbreak of the pandemic strain in a boarding school in the United Kingdom. In accordance with the Health Protection Agency's (HPA) guidance at the time, postexposure antiviral prophylaxis was offered to all staff and students, and any person exhibiting symptoms of influenza-like-illness (ILI) was offered testing and prescribed a treatment dose of antiviral drugs. This outbreak and the public health control measures have been reported ([@R7]).

Influenza viruses are readily transmitted among residents in enclosed institutional settings ([@R8]). Challenge studies have suggested that one third of persons infected by influenza may be asymptomatic ([@R9]). In population studies, the proportion of asymptomatic influenza infections has been estimated at 50% ([@R10]), but whether similar proportions exist for pandemic (H1N1) 2009 is uncertain. Evidence exists regarding the effect of previous seasonal influenza vaccination on the acquisition of pandemic (H1N1) 2009 ([@R11]--[@R15]). This outbreak, with apparent transmission to many students before it was reported, provided opportunities to quantify rates of asymptomatic infection in a closed setting and study the association between exposure to the 2008--09 seasonal influenza vaccine and the use of antiviral agents with pandemic influenza (H1N1) 2009. We conducted a seroepidemiologic study in a boarding school population to describe the clinical spectrum of disease caused by the 2009 pandemic strain and to quantify the proportions of symptomatic and asymptomatic infections.

Methods
=======

The study population was the 1,307 students and 825 staff attending and working at the boarding school, and all were invited to participate in the study. However, because the investigation occurred during an examination period, not all students and staff were present, and the exact number staying at the school during this period is unknown. All students were boarders; some staff members lived on the school grounds, and others lived outside.

Most of the outbreak cases occurred in May 2009. Study participants were asked to complete an online questionnaire and provide a single serum sample. Samples were collected from June 11 through June 26, the last day of term. Collection of data from the online questionnaire also began on June 11 and continued until October 15.

Serologic testing by hemagglutination inhibition (HI) was carried out as previously described ([@R16]--[@R18]) at the Centre for Infections, HPA, London, using egg-grown NIBRG122 (reverse genetics derivative of A/Engl/195/2009). Serum specimens were pretreated with receptor-destroying enzyme II (Denka Seiken Co., Ltd, Tokyo, Japan), 1:4 (vol/vol), at 37°C for 19 h, followed by heat inactivation at 56°C for 1 h. The assay was performed by mixing 25 μL of virus suspension (containing 4 hemagglutinating units) with an equal volume of receptor-destroying enzyme II--treated serum, followed by 1 h incubation at room temperature, after which 25 μL of 0.5% (vol/vol) turkey erythrocytes was added to each well. Serum specimens were tested in a 2-fold serial dilution series with an initial dilution of 1:8 and ending at 1:1,024. Titers were expressed as a reciprocal of the highest serum dilution that fully prevented hemagglutination. Serum specimens with no reactivity in the first dilution (\<8; considered negative) were assigned a titer of 4; serum specimens that showed titers [\>]{.ul}1,024 were assigned a numerical value of 1,024 for statistical analysis. Serologic samples were excluded from statistical analyses if a person had reported illness within 14 days of sample collection because previous data suggested that 14--21 days is required for a measurable immune response ([@R18]).

The online questionnaire collected data on demographic characteristics: sex; age (age groups, years: 13--15, 16--18 \[students\]; 20--49, [\>]{.ul}50 \[staff\]); symptoms; severity (self-described as mild, moderate, severe); self-reported use of antiviral drugs for treatment or prophylaxis; and self-reported 2008--09 seasonal influenza vaccination. Results from these questionnaires were subsequently linked to the serology results. Questionnaires were excluded if the person reported being away from the school during the outbreak or if symptom onset occurred after June 10, 2009.

The outcomes of interest were seropositivity and clinical cases of acute respiratory infection (ARI). Seropositivity was defined as having an HI titer [\>]{.ul}32, i.e., a titer 4× the minimum detection limit. Similar definitions have been used in population-based serosurveys in other countries ([@R19],[@R20]) and have been shown to be specific in identifying recent infection in children ([@R21]). For sensitivity analysis, we refitted the final logistic regression model (below) using an alternative cutoff value of 1:8, the minimum detection limit ([@R22]).

A clinical case of ARI was defined as a person reporting any one of the following respiratory symptoms; runny/blocked nose, sore throat, or cough. Those reporting ARI were further subcategorized into a more specific case definition, i.e., cases of ILI, defined as a person reporting [\>]{.ul}1 of the symptoms listed above and fever. Exposures of interest were the use of antiviral drugs, prescribed for prophylaxis or treatment, and seasonal trivalent influenza vaccine in the previous year (2008--09).

We estimated the proportion of asymptomatic cases by determining the proportion of the population with positive serologic test results but no symptoms of ARI. We also estimated the attack rate for those with ARI, ILI, and positive serologic test results and their distribution according to demographic variables.

Logistic regression models were constructed to estimate the independent association of antiviral drugs and seasonal influenza vaccine and the odds of being seropositive or having an ARI. Age was included in the model as a covariate; other linear predictors were included if model fit was significantly improved (likelihood-ratio \[L-R\] test p\<0.05). Interaction between age group and antiviral agents for prophylaxis; and seasonal influenza vaccine was tested to determine whether these associations between predictors and seropositive status and ARI differed according to age group, and therefore according to student and staff categories. If interaction was observed (i.e., the model was improved by including the interaction term), students and staff would be reported separately. A further model was also fitted for staff to investigate whether staff role and sex were associated with a seropositive status or ARI. Data analysis was carried out by using Stata version 11 (StataCorp LP, College Station, TX, USA).

Informed consent was sought from all students and their parents or guardians if students were \<16 years old. Because this was a field epidemiology study conducted during an emerging pandemic and involved a novel virus with unknown clinical effects, HPA did not require formal ethical approval since any information gained was essential in illuminating the effects of the infection and indicating possible control measures.

Results
=======

Sample Population
-----------------

In total, 746 questionnaires were completed online, of which 695 (93.2%) met the inclusion criteria ([Figure](#F1){ref-type="fig"}). This represented 35.9% of the 1,307 students and 27.4% of 825 staff who usually reside at the school. In total, 411 persons gave a serum sample and 353 (85.9%) were matched to a valid questionnaire ([Figure](#F1){ref-type="fig"}). Of persons with a questionnaire and matched serologic test result, 216 were students and 137 staff, which accounts for 16.5% of the registered student population and 16.6% of the registered staff population; these 353 persons composed our final cohort ([Figure](#F1){ref-type="fig"}).

![Number and proportion of boarding school staff and student populations who completed a questionnaire and had matched serologic test results, England, 2009.](10-0761-F){#F1}

Representativeness of Study Populations
---------------------------------------

The distribution of the study population by age, sex (staff only; all students were male), occupation (staff only), self-reported illness, history of seasonal influenza vaccine in the previous year, and the use of antiviral agents is shown in [Table A1](#TA.1){ref-type="table"}. To determine whether our sample was representative of the total school population, we compared the final study population (questionnaire and matched serologic results) to those who completed only the questionnaire and to the whole school population. For staff, the proportion of men and women in the final study population was similar to the proportion that answered the questionnaire only (51.8% vs. 48.2% and 48.2% vs. 51.8%, respectively; χ^2^ p = 0.58). The proportions of students in age groups 13--15 years and 16--18 years were similar for those completing a questionnaire only (46.7% vs. 53.3%) compared to those in the matched study sample (41.7% vs. 58.3%; χ^2^ p = 0.25) ([Table A1](#TA.1){ref-type="table"}), and similar to the school's student population. Teaching staff made up 31.6% of those of the final study population and 38.6% of the questionnaire-only population (χ^2^ p = 0.52). For persons reporting ARI, differences were significant between those who completed a questionnaire only and those who also gave a blood sample for students (37.3% vs. 48.3%; χ^2^ p *=* 0.020) and staff (10.2% vs. 30.8%; χ^2^ p*\<*0.001). This selection bias could have led to an overestimation of the infection attack rate.

Symptoms by Self-reported Illness and Serologic Test Results
------------------------------------------------------------

For ARI, the attack rate was estimated at 35.9%, (237/661, 95% confidence interval \[CI\] 32.2%--39.6%) or 16.6% (110/661, 95% CI 13.9%--19.7%) by using the definition for ILI ([Table A1](#TA.1){ref-type="table"}). Of those who reported ARI and ILI, serologic test results were negative for 64/141 (45.4%, 95% CI 37.0%--54.0%) and 19/63 (30.2%, 95% CI 19.2%--43.0%) persons, respectively.

We found 143 seropositive persons, which gives an attack rate for infection of 40.5% (95% CI 35.3%--45.8%; [Table 1](#T1){ref-type="table"}). Of these 143 persons, 4 students did not answer the question relating to their illness status, and of the remaining 139 persons for whom illness history was available, 62 (44.6%, 95% CI 36.2%--53.3%) did not report ARI.

###### Association of demographic characteristics, clinical illness, and interventions with study participants' positive serologic test results during outbreak of pandemic (H1N1) 2009 at a boarding school, England\*

  Variable                                         No. participants   No. (%) with positive serologic test result   Odds ratio (95% CI)
  ------------------------------------------------ ------------------ --------------------------------------------- ---------------------
  Demographics                                                                                                      
  Category                                                                                                          
  Students                                         216                123 (56.9)                                    7.74 (4.48--13.35)
  Staff                                            137                20 (14.6)                                     1
  Age group, y                                                                                                      
  13--15                                           90                 46 (51.1)                                     1
  16--18                                           126                77 (61.1)                                     1.50 (0.87--2.60)
  20--49                                           71                 12 (16.9)                                     0.19 (0.09--0.41)
  [\>]{.ul}50                                      66                 8 (12.1)                                      0.13 (0.06--0.31)
  Sex, staff only†                                                                                                  
  F                                                71                 5 (7.0)                                       1
  M                                                66                 15 (22.7)                                     3.88 (1.32--11.39)
  Role, staff only‡                                                                                                 
  Nonteaching                                      93                 6 (6.5)                                       1
  Teaching                                         43                 14 (32.6)                                     7.00 (2.46--19.90)
  Clinical illness                                                                                                  
  ARI                                                                                                               
  No                                               199                62 (31.2)                                     1
  Yes                                              141                77 (54.6)                                     2.66 (1.70--4.16)
  ILI                                                                                                               
  No                                               277                95 (34.3)                                     1
  Yes                                              63                 44 (69.8)                                     4.44 (2.45--8.02)
  Severity, n = 153§                                                                                                
  Mild                                             81                 38 (46.9)                                     1
  Moderate and severe                              59                 39 (66.1)                                     2.21 (1.10--4.41)
  Duration, d, n = 153§                                                                                             
  1--2                                             14                 6 (42.9)                                      1
  3--6                                             52                 27 (51.9)                                     1.44 (0.44--4.73)
  7--10                                            18                 12 (66.7)                                     2.67 (0.63--11.28)
  \>10                                             23                 14 (60.9)                                     2.07 (0.54--8.00)
  Interventions                                                                                                     
  Took antiviral drugs                                                                                              
  No                                               96                 48 (50)                                       1
  Yes                                              207                68 (32.9)                                     0.49 (0.30--0.80)
  Use of antiviral drugs: PEP vs. treatment dose                                                                    
  No antiviral drugs                               96                 48 (50.0)                                     
  PEP dose only                                    187                56 (30.0)                                     0.43 (0.26--0.71)
  Treatment dose                                   20                 12 (60)                                       1.5 (0.56--4.00)
  Completion of PEP course of antiviral drugs¶                                                                      
  No antiviral drugs                               96                 48 (50.0)                                     1
  Completed                                        25                 9 (36.0)                                      0.56 (0.23--1.40)
  Not completed                                    159                45 (28.3)                                     0.39 (0.23--0.67)
  Seasonal influenza vaccine                                                                                        
  No                                               105                29 (27.6)                                     1
  Yes                                              230                106 (46.1)                                    2.24 (1.36--3.69)

\*Categories in which the response was missing or unknown are shown in [Table A1](#TA.1){ref-type="table"}. CI, confidence interval; ARI, acute respiratory infection; ILI, influenza-like illness; PEP, postexposure prophylaxis. †All students were male. ‡1 staff member was not included in the analysis because his occupation was unknown. §Of those that self-reported ARI. ¶Excluding those who reported taking the treatment dose of antiviral drugs.

In crude analyses, persons who reported ARI were more likely to be seropositive (62/199, 54.2%; crude odds ratio \[OR\] 2.66, 95% CI 1.70--4.16) than were those without illness (77/141, 29.9%). The odds of having serologic evidence of infection increased when the illness reported met the case definition for ILI (crude OR 4.44, 95% CI 2.45--8.02) ([Table 1](#T1){ref-type="table"}).

We also found an association between severity of reported illness and seropositivity. Overall, those reporting moderate or severe illness were more likely to be seropositive than those reporting mild illness (crude OR 2.21, 95% CI 1.10--4.41). We found no association between seropositivity and duration of illness ([Table 1](#T1){ref-type="table"}).

Association between Self-reported Illness, Infection, and Interventions
-----------------------------------------------------------------------

Overall, fewer students reported antiviral drug use than did staff (59.4% vs. 80.0%, p\<0.001). Most of those taking a treatment dose were students (16/20, 80%) ([Table 2](#T2){ref-type="table"}). All students completed their prophylactic course of antiviral agents vs. 91% of staff. More students reported having had the 2008--09 trivalent seasonal influenza vaccine than staff (81.1% vs. 50.0%; p\<0.0001 in the matched sample).

###### Association of demographic characteristics and interventions with study participants' reports of ARI during outbreak of pandemic (H1N1) 2009 at a boarding school, England\*

  Variable                                         No. participants   No. (%) with ARI   Odds ratio (95% CI)
  ------------------------------------------------ ------------------ ------------------ ---------------------
  Demographics                                                                           
  Category                                                                               
  Students                                         469                187 (39.9)         2.53 (1.75--3.65)
  Staff                                            226                50 (22.1)          1
  Age group, y                                                                           
  13--15                                           219                75 (34.2)          1
  16--18                                           250                112 (44.8)         1.55 (1.06--2.28)
  20--49                                           111                32 (28.8)          0.70 (0.42--1.15)
  [\>]{.ul}50                                      87                 18 (20.7)          0.48 (0.26--0.86)
  Sex, staff only†                                                                       
  F                                                109                24 (22.0)          1
  M                                                117                26 (22.2)          0.98 (0.52--1.83)
  Role, staff only                                                                       
  Nonteaching                                      135                26 (19.3)          1
  Teaching                                         85                 23 (27.1)          1.48 (0.78--2.82)
  Interventions                                                                          
  Took antiviral drugs                                                                   
  No                                               198                81 (40.9)          1
  Yes                                              393                110 (28.0)         0.55 (0.38--0.79)
  Use of antiviral drugs: PEP vs. treatment dose                                         
  No antiviral drugs                               198                81 (40.9)          1
  Yes, PEP                                         352                78 (22.2)          0.40 (0.27--0.59)
  Yes, treatment dose                              41                 32 (78.1)          4.87 (2.20--10.77)
  Completion of PEP course of antiviral drugs†                                           
  No antiviral drugs                               198                81 (40.9)          1
  Not completed                                    51                 14 (27.5)          0.44 (0.17--1.15)
  Completed                                        294                62 (21.1)          0.38 (0.22--0.65)
  Seasonal Influenza vaccine                                                             
  No                                               216                66 (30.6)          1
  Yes                                              425                161 (37.9)         1.35 (0.95--1.92)

\*Categories in which the response was missing or unknown are shown in the [Table A1](#TA.1){ref-type="table"}. ARI, acute respiratory infection; CI, confidence interval; PEP, postexposure prophylaxis. †Excluding those who reported taking the treatment dose of antiviral drugs.

In logistic regression models for ARI and serologic status ([Table 3](#T3){ref-type="table"}), including age group, significantly improved the fit of the models (both L-R tests p\<0.001 compared models, including only antiviral drug use and vaccination status). No evidence of effect modification was found between age group and antiviral drugs or vaccination status for either outcome (L-R test p = 0.87 and p = 0.77, respectively). Therefore, stratified models were not fitted for staff and students.

###### Multivariable analysis of all study participants in relation to having ARI or serology-confirmed infection during outbreak of pandemic (H1N1) 2009, England\*

  Variable                        AOR (95% CI) for ARI in questionnaire sample   AOR (95% CI) for positive test result in matched sample
  ------------------------------- ---------------------------------------------- ---------------------------------------------------------
  Age group, y                                                                   
  13--15                          1                                              1
  16--18                          1.57 (0.98--2.53)                              1.85 (0.95--3.60)
  20--49                          1.00 (0.53--1.89)                              0.30 (0.12--0.73)
  [\>]{.ul}50                     0.66 (0.32--1.34)                              0.20 (0.08--0.53)
  Took antiviral drugs for PEP†                                                  
  No                              1                                              
  Yes                             0.41 (0.27--0.61)                              0.55 (0.30--0.99)
  Seasonal Influenza vaccine                                                     
  No                              1                                              1
  Yes                             1.01 (0.63--1.62)                              1.81 (0.91--3.59)

\*For ARI, n = 654 who completed questionnaires; for serology-confirmed infection, n = 333 who completed questionnaires and had a matched serology sample. ARI, acute respiratory infection; AOR, adjusted odds ratio; CI, confidence interval; PEP, postexposure prophylaxis. †Persons who reported taking treatment dose of antiviral agents were excluded.

Staff in the age groups 20--49 years and [\>]{.ul}50 years (adjusted ORs \[AORs\] 0.30 \[95% CI 0.12--0.73\] and 0.20 \[95% CI 0.08--0.53\], respectively) were less likely to have positive serologic test results than students 13--15 years of age ([Table 3](#T3){ref-type="table"}). This effect was not observed when ARI was used as the outcome. Weak evidence suggests that those 16--18 years were more likely to be seropositive and have ARI than those 13--15 years of age (AOR 1.85 \[95% CI 0.95--3.60\] and 1.57 \[95% CI 0.98--2.53\], respectively). Although odds of seropositivity did not increase significantly with receipt of 2008--09 seasonal influenza vaccine (p = 0.10), the point estimate was \>1.

Likewise, the point estimate of the AOR for the association between taking a prophylactic dose of antiviral drugs and seropositivity was \<1 (p = 0.045). In a similar model, with ARI as the outcome of interest, having received a prophylactic dose significantly reduced the odds of ARI (AOR 0.41, 95% CI 0.27--0.61).

For the staff-only models ([Table 4](#T4){ref-type="table"}), staff role improved the model that predicted serologic results and ARI (L-R test p \<0.001 and 0.01, respectively). After staff role was taken into account, including sex as a factor did not improve the accuracy of either model and was therefore not included. For the multivariable logistic regression model, which included only staff, age groups, staff role, exposure to prophylactic dose of antiviral agents, and having received the 2008--09 seasonal influenza vaccine were considered. Teachers were more likely be seropositive than other staff members (AOR 7.47, 95% CI 2.31--24.18), and no association was found between seropositivity outcome and age, taking the prophylactic dose of antiviral drugs, or receiving the influenza vaccine ([Table 4](#T4){ref-type="table"}).

###### Multivariable analysis of staff only in relation to having ARI or serology-confirmed infection during outbreak of pandemic (H1N1) 2009, England\*

  Variable                        AOR (95% CI) for ARI in questionnaire sample   AOR (95% CI) for positive test result in matched sample
  ------------------------------- ---------------------------------------------- ---------------------------------------------------------
  [\>]{.ul}50                     0.71 (0.32--1.57)                              0.91 (0.26--3.14)
  Role                                                                           
  Nonteaching                     1                                              1
  Teaching                        1.18 (0.56--2.52)                              7.47 (2.31--24.18)
  Took antiviral drugs for PEP†                                                  
  No                              1                                              1
  Yes                             0.34 (0.15--0.77)                              0.66 (0.18--2.39)
  Seasonal influenza vaccine      1                                              
  No                              1                                              0.76 (0.35--1.67)
  Yes                             2.36 (0.69--8.11)                              2.36 (0.69--8.11)

\*n = 226. ARI, acute respiratory infection; AOR, adjusted odds ratio; CI, confidence interval; PEP, postexposure prophylaxis. †Persons who reported taking the treatment dose of antiviral drugs were excluded.

When the final logistic models were refitted by using the minimum detection limit ([\>]{.ul}1:8) to define seropositive status, this change made little difference to the point estimates of the ORs for antiviral drug use, age group, or seasonal vaccine. For the staff-only model, using a cutoff value [\>]{.ul}1:8 changed the point estimates for taking antiviral agents and age groups ([\>]{.ul}50 vs. 20--49 years) to \>1; however, neither linear predictor was significantly associated with the outcome with either cutoff value.

Discussion
==========

This study describes the seroprevalence of infection with the pandemic (H1N1) 2009 virus in an enclosed institutional environment and provides evidence of widespread infection among both students and staff before the outbreak became evident to public health authorities. Attack rates for infection were estimated as 40.5% by serologic testing and as 34.1% by clinical illness (ARI). An estimated 44.7% serology-positive persons did not report symptoms of ARI, which agreed with previous findings ([@R10],[@R23]). No significant association was found between seropositivity and prophylaxis with antiviral drugs, although some evidence showed that it reduced the odds of ARI. The point estimate of the AOR indicated nonsignificant increased odds of infection (indicated by serologic results) for persons who had received the 2008--09 seasonal influenza vaccine, although it did not increase the odds for ARI.

Our study has some limitations, however. The uncertainty regarding the associated illness of pandemic (H1N1) 2009 at the time the study was initiated made the selection of a random sample not feasible. A pragmatic approach was therefore chosen to offer the entire school population the opportunity of being included in the study, resulting in 17% of the registered school population providing a serum sample. Because the study was conducted during an examination period, and some students and staff were absent, the size of the population from which the study sample was drawn is not known. However, because this was definitely less than the registered population, our response rate estimation was conservative. The distribution of our study population was not significantly different from the school's population in age, school year, and sex (among teachers). However, the subsample of persons who provided a serum sample likely were not representative of persons who answered the questionnaire. For example, persons who provided a serum sample were more likely to have reported an ARI than persons who responded to the questionnaire only. This resulted in the overestimation of attack rates. Selection bias in the serology study subsample is also evident in the ORs for the 2008--09 seasonal influenza vaccine, for which the ORs were different, according to whether a serologic or clinical outcome was used, because the effect would be expected to be in the same direction. In addition, vaccination status was self-reported and could not be validated against official records, and we did not collect dates that antiviral drugs were used from each person.

We used a cutoff value of an HI titer [\>]{.ul}32 to indicate recent seroconversion. A previous study ([@R18]) has indicated that cross-reactive antibody to pandemic (H1N1) 2009 virus was prevalent in England's population before the pandemic and that seroprevalence was strongly associated with age. In addition, a high proportion of children at the school had been vaccinated and were therefore unlikely to be representative of children in England. Conflicting evidence exists regarding the effect of prior trivalent influenza vaccination on cross-reactive titers for pandemic (H1N1) 2009 virus in persons \<55 years of age ([@R21],[@R24]). Therefore, some misclassification of cases (persons who seroconverted as a result of exposure to pandemic \[H1N1\] 2009 virus) likely occurred, leading to possible overestimation of the proportion of asymptomatic patients. However, the proportion of misclassified seropositive persons is likely small, particularly among children. Ideally, paired samples (collected before and after the outbreak) would have been able to measure seroconversion; however, this opportunity was not available.

These results highlight the fact that, depending on the virulence and transmissibility of an emerging influenza pandemic virus, extensive transmission may occur in a closed setting and thus by implication in the community over and above the observed clinical disease. This finding has notable implications for predicting the future course of a pandemic because the subsequent pool of those susceptible after initial transmission will diminish ([@R18]). Current policy in closed settings in the United Kingdom is to isolate or place symptomatic persons in cohorts after diagnosis to minimize the risk for onward transmission. If a substantial proportion of mildly symptomatic or even possibly asymptomatic persons were able to transmit infection, current policy would be of limited value. First, infection may be widespread within an institution long before it becomes apparent to public health authorities; second, a large number of persons may be infected but asymptomatic or mildly symptomatic when the first case is diagnosed. Although conclusions can be drawn from this study that rapid transmission of influenza occurred in this environment and that infection may not always produce symptoms, the evidence of transmission of the influenza virus by asymptomatic persons remains scant ([@R25]).

Our findings indicate that the use of prophylactic antiviral agents lowers the odds of an ARI by ≈50% but has no effect on reducing the odds of serologic infection. Several interpretations of these findings are possible; for example, while prophylactic antiviral agents might not reduce the risk for infection, they could protect from clinical disease. Published evidence from the occurrence of seasonal influenza has indicated that timely administration of prophylactic antiviral agents to close contacts of infected persons reduces the risk for disease ([@R26]). However, our results should be viewed with caution. First, the serology sample was a much smaller subset of the questionnaire survey respondents, and the results for a serologic outcome indicate a lack of power. Thus, the effectiveness of antiviral prophylaxis would be underestimated. Also, the low specificity of the case definition for ARIs could lead to an overestimation of the effect on clinical disease.

The association between self-reported illness and severity of illness with an increasing likelihood of seropositivity suggests that even in facilities with a limited diagnostic capacity, simple definitions of ILI may be a more specific indicator of the true presence of infection in communities in which a proven outbreak is under way. Fever was an essential part of the clinical case criteria for testing in the United Kingdom, in contrast to the United States, where the clinical criteria were either a "respiratory illness" (recent onset of [\>]{.ul}2 of the following: rhinorrhea/nasal congestion, sore throat, cough, fever or feverishness) or an ILI (fever \>37.8°C \[100°F\], plus cough or sore throat).

This study has demonstrated evidence of widespread infection with pandemic (H1N1) 2009 virus in a closed setting, with a substantial proportion of asymptomatic persons. Although the study highlights the difficulties of obtaining a large representative sample from a boarding school population during a pandemic influenza outbreak, it also illustrates the value of such rapid field epidemiologic investigations in understanding an emergent threat. This was particularly relevant during the emergence of pandemic (H1N1) 2009 virus at a time when its pathogenicity was uncertain and the benefit of using antiviral agents for postexposure prophylaxis was unclear. The results of this seroepidemiologic study in an outbreak setting during the pandemic of novel pandemic (H1N1) 2009 highlight the need for health authorities to agree on protocols for similar investigations during future pandemics.
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###### Association of demographic characteristics, self-reported illness variables, and interventions with symptoms of ARI or ILI in boarding school population during outbreak of pandemic (H1N1) 2009, England\*

  Demographic characteristics and interventions     No. (%)† with completed questionnaire, n = 695   No. (%)† with completed questionnaire and matched sample, n = 353
  ------------------------------------------------- ------------------------------------------------ -------------------------------------------------------------------
  Category                                                                                           
  Students                                          469 (67.5)                                       216 (61.2)
  Staff                                             226 (32.5)                                       137 (38.8)
  Age group, y                                                                                       
  13--15                                            219 (32.8)                                       90 (25.5)
  16--18                                            250 (37.5)                                       126 (35.7)
  20--49                                            111 (16.6)                                       71 (20.1)
  [\>]{.ul}50                                       87 (13.0)                                        66 (18.7)
  Unknown                                           28                                               
  Sex, staff only†                                                                                   
  Female                                            109 (48.2)                                       71 (58.8)
  Male                                              117 (51.8)                                       66 (48.1)
  Role, staff only‡                                                                                  
  Nonteaching                                       135 (61.4)                                       93 (68.4)
  Teaching                                          85 (38.6)                                        43 (31.6)
  Unknown                                           6                                                1
  Self-reported illness                                                                              
  ARI                                                                                                
  No                                                424 (64.1)                                       199 (58.5)
  Yes                                               237 (35.9)                                       141 (41.5)
  Unknown                                           34                                               13
  ILI, ARI plus fever                                                                                
  No                                                551 (83.4)                                       277 (81.5)
  Yes                                               110 (16.6)                                       63 (18.5)
  Unknown                                           34                                               13
  Severity§                                                                                          
  Mild                                              145 (62.8)                                       81 (57.9)
  Moderate and severe                               86 (37.2)                                        59 (42.1)
  Unknown                                           6                                                1
  Duration, d§                                                                                       
  1--2                                              26 (14.2)                                        14 (13.1)
  3--7                                              88 (48.1)                                        52 (48.6)
  7--10                                             33 (18.0)                                        18 (16.8)
  \>10                                              36 (19.7)                                        23 (21.5)
  Unknown                                           54                                               34
  Interventions                                                                                      
  Took antiviral drugs                                                                               
  No                                                198 (33.5)                                       96 (31.7)
  Yes                                               393 (66.5)                                       207 (68.3)
  Unknown                                           104                                              50
  Use of antiviral drugs: PEP vs. treatment doses                                                    
  PEP dose only                                     352 (59.6)                                       187 (61.7)
  Treatment dose                                    41 (6.9)                                         20 (6.6)
  No information on dose recorded                   104                                              50
  Completion of PEP course of antiviral drugs¶                                                       
  No antiviral drugs                                198 (36.5)                                       96 (34.3)
  Course not completed                              51 (9.4)                                         25 (8.9)
  Course completed                                  294 (54.1)                                       159 (56.8)
  No information on completion of course provided   111                                              53
  Seasonal influenza vaccine                                                                         
  No                                                216 (33.7)                                       105 (31.3)
  Yes                                               425 (66.3)                                       230 (68.7)
  No information recorded                           54                                               18

\*ARI, acute respiratory infection; ILI, influenza-like illness; PEP, postexposure prophylaxis. †Percentage of total, excluding those categories in which the response was unknown or blank. ‡All students were male. §Of those who self-reported ARI: n = 237 with completed questionnaire; n = 141 with completed questionnaire and matched sample. ¶Excluding those who reported taking the treatment dose of antiviral drugs: n = 654 with completed questionnaire; n = 333 with completed questionnaire and matched sample.
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